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REPORTS 
~ 5 - 3{3-Hydroxysteroid Dehydrogenase ~ 4 - 5 - Isomerase Activity and 
Metabolism of Dehydroepiandrosterone in Rat Preputial Gland 
MARTY E. SAWAYA, PH.D., WALTER VOIGT, PH.D ., AND SUNG L. HSIA, PH.D. 
Departments of Biochemistry, Pathology, and Dermatology and Cutaneow; Surgery, University of Miami School of Medicine, Miam.1:, 
Florida, U.S.A. 
After intracardial injection of [1,2-aH]dehydroepian-
drosterone WHJDHA) into female rats, eHJDHA was 
found to accumulate and was metabolized in the prepu-
tial gland, but not in the diaphragm. The identified 
metabolites of [aH]DHA in the preputial gland were tl. 4 -
androstenedione-3a,l7/1-diol. Cells were isolated from 
the preputial gland after treatment with trypsin and 
collagenase III, and centrifugation in Ficoll gradients. 
Activity of the enzyme complex 6 5 -3{1-hydroxysteroid 
dehydrogenase tl. ''-5 -isomerase (3/1-HSD) responsible for 
transforming DHA into tl.4 -androstenedione was found 
mainly in the 105,000 g pellet (microsomal fraction) of 
homogenates of the isolated cells. It used preferentially 
NAD over NADP as a coenzyme, with a pH optimum at 
8 .5. The apparent Km for DHA was 5.5 x 10-5 M, and 
the V "'"x was 1. 72 nmol/min/mg microsomal protein. 
These findings indicate that DHA is preferentially taken 
up by the preputial gland where it undergoes metabolism 
to form more potent androgens, and suggest that DHA 
may have important androgenic influence on the pre-
putial gland. 
The influence of dehydroepiandrosterone (DHA) on seba-
ceou s activity has been implicated in a number of studies. In 
patients with cystic acne, a significant correlation has been 
fou nd between serum levels of dehydroepiandrosterone sulfate 
(DHAS) and the number of lesions [1) . Increased sebum pro-
duction has been reported after the administration of DHA to 
adult m ales whose sebaceous sec retion had been suppressed by 
ethy n y l estradiol [2,3], and of DHAS to hypogonadal males 
[4]. The influence of DHA and DHAS on sebaceous activity is 
t ho ught to be mediated by their conversion to more potent 
androgenic steroids, tl. ''-androstenedione, testosterone, and di -
hydrotestosterone (DHT) in the skin [5- 7). A significant cor-
relation has been reported between the activity of C15-3,6-hy-
droxysteroid dehydrogenase t,H- isomerase (3,6-HSD) in human 
sebaceous glands and their secretory activity [8). 3,6-HSD is 
the e nzyme complex that converts DHA to C>''-androstenedione, 
which is subsequently transformed into testosterone and DHT 
in t he s kin [9). 
It is a common clinical observation that acne lesions often 
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flare up or exacerbate when the patient is under stressful 
conditions, possibly linked to the excessive secretion of adrenal 
steroids in response to stress. Since DHA is the major adrenal 
androgen, its action on sebaceous glands, especially, meri ts 
investigation. 
Because of the practical limitations in obtaining human 
sebaceous cells for detailed biochemical studies, we have used 
the rat preputia l gland to investigate the androgenic action of 
DHA. Growth of the gland has been shown to respond to the 
stimulation of androgenic, but not estrogenic or adrenocortical 
steroids [10] . A pair of the glands is situated in the prepuce of 
the rat of either sex and weigh 175- 200 mg in an average 200-
g rat, being slightly larger in the male animaL 
In a previous study [11), we treated the gland tissue with 
trypsin and collagenase III, according to the method of Potter 
et al [12), and separated the cells by centrifugation into 5 bands 
according to lipid contents. We identified S'-androstenedione 
testosterone, and DHT as the major metabolites of DHA in th~ 
isolated cells, and also observed a significant reduction of DHT 
content in the gland after adrenalectomy of male and female 
rats. These findings support the view that the androgenicity of 
DHA is mediated by conversion into DHT in the crland and 
that the adrenal cortex is an important source of androgen for 
the gland. 
In this paper, we report our continued study of androgenic 
action of DHA in rat preputial gland, and present data on the 
characterization of 3,6-HSD, the preferential uptake of [1 ,2-~H] 
DHA by the gland, and subsequent metabolism to form C,4 -
androstenedione, testosterone, DHT, and androstane-3a,17,6-
diol. 
MATERIALS AND METHODS 
ChemicaL~ 
[1 ,2-3H]DHA (40 Ci/mmol), [1 ,2 -3H] androstenedione (40 Ci/ mmol), 
[1 ,2-3 H] testosterone (40 Ci/ mmol), and [1,2-3H]DHT (40 Ci/ mmol) 
were purchased from New England Nuclear. Each steroid was checked 
by thin -layer chromatography to have greater than 95 % radiopurity. 
The benzene solutions as purchased, were evaporated under nitrogen 
and the radioactive steroids were dissolved in ethanol to contain 
approximately 10(; dpm in 0.01 ml, and the solutions were stored at 
1o·c. 
Reagent-grade solvents, ac ids, bases, and salts were from Mallinck-
rodt. Silica gel H for the preparation of t hin -layer chromatography 
plates was a product of Merck A.G. Co. Coenzymes, EDTA, Tris, 
bovine serum albumin, catalase, and other chemicals were from Sigma 
Chemical Co. Reference steroids were purchased from Steraloids, Inc. 
Animals 
Female Sprague-Dawley rats, 10- 12 weeks old, weiging 225- 300 g 
were housed under standard conditions of contro lled temperature, 
humidity, light and dark cycles, and allowed access to commercial rat 
chow pellets and drin king water ad libitum. 
In Vivo Uptake and Metabolism of DHA 
Each rat, under anesthesia with ethyl ether, was injected in t racar-
dially with 5 I' Ci of [1 ,2-3H]DHA in 0.1 ml ofTris buffer saline solut ion, 
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using a tuberculin syringe with a 25-gauge needle. At 30-, 45-, and 60-
min intervals after the injection, the animals were killed, 3 in a group, 
by a blow behind t he head. The diaphragm muscle and the preputial 
gland were excised for comparison of DHA uptake and metabolism. 
The excised tissues were dissected, weighed, and immediately placed 
in glass vials containing methanol and kept on ice. The tissues were 
minced and extracted with methanol:chloroform (2:1, vfv), and then 
homogenized with a Ten Broec k all -glass homogenizer in the same 
solvent mixture. The extracts were combined and evaporated to dryness 
under N2 gas. Carrier steroids (50 ILg each of testosterone, DHT, 6.4 -
androstenedione, androstanedione, androstane-3a,17(3-diol, t.•-andros-
tene-3{3-17{3-diol, and DHA) were added, and t he mixture was dissolved 
with ethanol and applied to thin- layer plates for chromatographic 
separation as previously described [11] . The carrier steroids were 
visualized by exposure to iodine vapor, and the plates scraped in 1-cm 
sections and assayed for radioactivity in a scintillation counter to locate 
t he areas of radioactivity. 
Assay for 3(3-HS D Activity 
The excised preputial glands were treated with collagenase III and 
trypsin , according to the method of Potter et al [12). with minor 
modifications as described in our previous communication [11] . Five 
bands of cells were isolated after centrifugation in discontinuous gra-
dients of 0, 5, 10, 15, and 20% Ficoll in Hanks' solut ion. The cytologic 
characteristics with regard to size, density, and protein contents of the 
cells in the 5 bands, as well as their enzymic activities for steroid 
metabolism, have been described previously [11]. The cells harvested 
at the inte rfaces of the 10 and 15%, and the 15 and 20% Ficoll solutions (bands IV and V), were combined and homogenized with a Ten Broeck 
all -glass tissue homogenizer in 0.1 M citrate-phosphate buffer, pH 7.4. 
The cellular homogenate was fil tered through 4 layers of cheesecloth 
and then separated into nuclear, mitochondrial, microsomal, and cy-
tosolic fractions by sequential centrifugation at 800 g, 10,000 g, and 
100,000 g in 0.1 M citrate-phosphate buffer, pH 7.4 . The pellets were 
resuspended in 0.1 M citrate-phosphate buffer and resedimented by 
centrifugation. 
For assay of 3(3-HSD activity, [3H]DHA (106 dpm) and 100 nmol of 
nonradioactive DHA in 0.01 ml ethanol were added to the subcellular 
fractions which conta ined the equivalent of 1 g of tissue in a final 
volume of 1 ml of 0.1 M citrate-phosphate buffer containing 5 ILmol of 
NAD or other coenzymes as specified. Unless otherwise indicated, the 
pH was 8.5, and the mixture was incubated in a Dubanoff metabolic 
shaker at 37"C for 20 min, when the form ation of testosterone was 
undetectable. The incubation was terminated by immersing the incu-
bation tube in a dry ice-acetone bath, and the content was lyophilized. 
Approximately 100 l'g of each carrier steroid, testosterone, DHT, t.• -
androstenedione, androstanedione, androstane-3a, l7~-dio l , 6.6-andros-
\.ene-3(3,17(3-diol, and DHA were added and the mixture was extracted 
repeatedly with ethanol and applied to t hin -layer plates for chromato-
graphic separation. The recovery of 3 H by this procedure was >95%. 
The radioactivi ty in t he band containing t.' -androstenedione was used 
to calculate 3(3- HSO activity. 
RESULTS 
In Vivo Uptake and Metabolism of DHA by the Preputial 
Gland 
Fig 1 shows t he comparison of the accumulation of 3H in the 
preputial gland and the diaphragm of female rats after injection 
of 5 JLCi of [''H]DHA. The diaphragm was selected for the 
comparison because it is not an androgen-dependent tissue. 
The content of [''H]DHA (measured in 10~ cpm/100 mg tissue) 
in the diaphragm was 3 t imes that in the preputial gland 30 
min a fter t he administration of (3H]DHA, but it quickly de-
clined, while that in the preputial gla nd continued to rise. At 
60 min after t he injection, the concentration of 3H in the 
preputial gla nd already exceeded that in t he diaphragm, and 
the trend cont inued. 
The ''H- Iabeled steroids were extracted from the tissues and 
analyzed by thin-layer chromatography. Fig 2 shows that ['1H] 
DHA was extensively metabolized in the preputial gland to 
form A'-androstenedione, testosterone, DHT, and androstane-
3(r,l7,S-diol, while the [3H]DHA in the diaphragm remained 
unmetabolized as no metabolite could be detected by thin-layer 
chromatography . The amount of 3H in DHA and each of the 
metaboli tes in t he preputi al gland increased with time, while 
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FIG 1. Uptake of [3H]DHA in rat preputial gland (e- - e) and 
diaphragm (0--0) after intracardial injection of [3H]DHA. The 
data represent the average results from 3 animals. 
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FIG 2. Comparison of retention and metabolism of DHA in rat 
preputial gland and diaphragm in vivo. The height of each bar repre-
sents the average of results obtained from 3 animals. 
aH in DHA in the diaphragm continued to decline. At 60 min , 
more than half of the ['1H]DHA in the preputial gland was 
transformed into the metabolites indicated above. These data 
demonstrate that [3H]DHA is preferentially taken up by the 
preputial gland after intracardial injection, while the dia-
phragm, in spite of the initial high content of [3H]DHA, does 
not accumulate ['H]DHA. The data also show that the [3H] 
DHA is readi ly metabolized by the preputial gland, but not by 
t he diaphragm. 
Subcellular Localization and Some Characteristics of 3/3-HSD 
The distribution of 3{3-HSD activity in subcellular fractions 
of cells from bands 4 and 5 isolated from the preputial gland is 
shown in Table I. Most of the 3!1-HSD activity was found in 
the microsomal fraction ( 105,000 g pellet). The cofactor require-
ment for 3{j-HSD activity as assayed with the microsomal 
fraction, is shown in Table II. The preferred coenzyme was 
NAD. The pH dependence of the enzymic activity is shown in 
Fig 3; the peak of activity was around pH 8.5. 
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TABLE I. Distribution of 3{J-HSD activity in subcellular fractions of 
isolated cells from rat preputial gland 
Androstenedione produced 
nmol nmol/h/mg protein 
Nuclear pellet 20 4.19 
(800 g) 
Mitochondrial pellet 24.5 6.85 
(lO,OOOg) 
Microsomal pellet 49 25.65 
(105,000 g) 
High speed supernatant 7 4.24 
Cell bands IV and V, obtained after Ficoll gradient centrifugation, 
were combined and homogenized with Ten Broeck tissue grinder in 0.1 
M citrate-phosphate buffer, pH 7.4. The pellets were resuspended and 
washed in the same buffer. Each fraction (in an amount equivalent to 
1 g of t issue) was incubated with [H3 ]DHA (106 dpm), and 100 nmol of 
nonradioactive DHA added to 20 Ill of ethanol, for 30 min at 37"C in 1 
ml of citrate-phosphate buffer, pH 8.5, containing 5 llmol of NAD. 
TABLE II. Cofactor requirement of 3{J-HSD 
Addition 
NAD 
NADH 
NADP 
NADPH 
None 
DHA converted 
to 
androstenedione 
(nnJOI) 
48.7 
19.3 
26.4 
10.8 
0 
The incubation mixture contained 5 llmol of the indicated pyridine 
nucleotide with microsomes (2 mg of protein), [H3 ]DHA (106 dpm; 10 
pmol) and 100 nmol of nonradioactive DHA in 0.1 M citrate-phosphate 
buffer, pH 7.4. Incubation was performed at 37"C, for 30 min. 
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FIG 3. pH dependence of conversion ofDHA tot. '-androstenedione. 
Microsomes were obtained from combined cell bands IV and V isolated 
from rat preputial gland. Incubation medium consisted of 0.1 M citrate-
phosphate buffer (e) or 0.1 M Tris (0) of the designated pH, containing 
5 J.LIDOl of NAD and [1,2-H3]DHA (lOG dpm) and 100 nmol of nonra-
dioactive DHA. The pH was read immediately before the addition of 
the steroid. Optimum pH was approximately 8.5. 
Time Course for the Formation of Androstenedione and 
T estosterone 
Fig 4 shows the time course of the formation of [3H]~4 -
androstenedione and ['H]testosterone when [3H ]DHA was in-
cubated with the microsomal fraction of cells isolated from the 
preputial gland. Under the conditions as specified in the legend 
to Fig 4, 43% of the incubated [3H]DHA was converted into 
~·-androstenedione in 20 min of incubation, while testosterone 
formation was not measurable until after 30 min of incubation. 
Based on t hese data, in further experiments for assaying 3(3-
HSD activity, the incubations were terminated at 20 min. 
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FIG 4. Time course of DHA conversion to t.'-androstenedione (0) 
and testosterone (e). The incubation conditions were the same as 
described for Fig 3, except that the pH was held at 8.5, and time of 
incubation varied as indicated. 
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FIG 5. Lineweaver-Burk plot of the effect of DHA concentration of 
the rate of t.'-androstenedione formation. The microsomal fraction 
was prepared from cells in bands IV and V, separated by Ficoll gradient 
centrifugation. The incubation mixture consisted of the microsomal 
fraction (2 mg protein) [1,2-3H]DHA (lOG dpm) diluted with nonra-
dioactive DHA (1-100 !LM) , and 5 !!mol of NAD in 1 ml of 0.1 M citrate 
phosphate buffer, pH 8.5. The mixture was incubated for 20 min at 
37"C. The apparent Km for DHA estimated was 5.5 x 10-5M; the V mu 
was 1. 72 nmol/min/mg microsomal protein. 
Estimation of K .. for 3(3-HSD 
Fig 5 shows a Lineweaver-Burk plot for the estimation of 
apparent Km for DHA of 3(3-HSD in the microsomal fraction 
of cells in bands IV and V isolated from the preputial gland. 
The concentrations of DHA tested were in the range of 1- 100 
,u~. The plot was constructed with the help of Univac computer, 
usmg the HYPER program of Henson et a l [13) . A value of 5.5 
x 10-5 M was obtained for the K .. , and a value of 1. 72 nmolj 
min/mg microsomal protein was obtained for v mnx· 
DISCUSSION 
The in vivo experiment on the uptake of (3H]DHA after 
intracardial administration (Fig 1) demonstrated that the pre-
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putial gland, an androgen-sensit ive organ, accumulated DHA, 
while the diaphragm, which is a non-target organ fo r androgens, 
does not. T he ini t ial high concentration of [aH]DHA in the 
diaphragm was apparently due to the high concentration of 
["H]DHA in the arterial blood, which reached the diaphragm 
earlier t han t he preputial gland, after intracardial injection. 
The high '1H content in diaphragm, however, was rapidly diluted 
by subsequent circulation , while t he content of '1H in preputial 
gland continued to rise, due to retention of (aH]DHA and its 
metabolites. The data in Fig 2 show that ["H]DHA is readily 
metabolized in the preputial gland. T he metabolites ident ified 
were 6 4 -androstenedione, testostero ne, androstane-3a,17(3-
dio\, and DHT. The accumulation of HDA and its metabolites 
in the preputial gland was not due merely to t heir solubility in 
lipids of t he gland, as cytosolic proteins of preputial gland 
whic h bind androstenedione, testosterone, and DHT have been 
demonstrated [14]. 
Formation of DHA metabolites was not detected in t he 
diaphragm. T he metabolites of DHA in t he preputial gland 
formed in vivo were t he same as those formed in vitro by 
isolated cells of the gland [11], except that in addition, a small 
amount of'1H was found in androstane-3a,17{3-dio\. Formation 
of these metabolites indicates t he presence of 17(3-hydroxyste-
roid dehydrogenase, testosterone 5a-reductase, and 3a-hy-
droxy-ste~:oid dehydrogenase in t he gland , in addit ion to 3{3-
HSD. These findings imply t hat the androgenic effect of DHA 
may be mediated by t he formation of DHT in the gland. 
Whether the other ~1etabolites per se, can have specific hor-
monal influence on the gland without being converted into 
DHT is not known. 
In our previous study, we observed a pronounced decrease of 
DHT content in the preputial gland after adrenalectomy of 
both male and female rats [11]. Taken together, t hese findings 
support t he view that t he adrenal cortex, by supplyi ng DHA, 
serves as an important source of androgen for the preputial 
gland. 
The first step in the metabolism of DHA is its conversion of 
S'-androstenedione, requiring a ~'-3!'3-hyd roxysteroid dehydro-
genase and a ~· -"-isomerase, both of which are membrane-
bound in mammalian t issues. In t he present study as well as in 
previous studies of human placenta [15,16], rat adrenal [17, 
18], and rat ovary [19], t he dehydrogenase activity was found 
to be rate- limiting, as no ~"-androstenedione cou ld be detected 
as a result of incubation of DHA wit h the enzyme preparations. 
Table I indicates t hat the activity of 3{3-HSD in t he preputial 
gland was largely associated with the microsomal fraction 
(45%), whil.e the mitochondrial fraction contained relatively 
less activity (24.5%). The specific activity of t he enzyme in t he 
microsomal fraction (25.7 nmol/h/mg protein) was nearly 4 
times that in the mitochondrial fraction. This pattern of dis-
tributio n is different from that found in human placenta, in 
which t he specific activity of the enzyme was comparable in 
the mitochondrial and the microsomes fract ions [15,16]. The 
pattern of distribution in rat adrenal [17,18] and rat ovary [19] 
was reportedly similar to t hat in the placenta. 
Like other hydroxysteroid dehydrogenases, 3{3-HSD in t he 
preputial gland utilizes preferentially NAD. The high pH op-
t imum of 8.5 of the preputial gland enzyme may be compared 
to that found in placenta (pH 10-10.5) (16]. The apparent K, 
of 3/3-HSD in the preputial gland for DHA (5.5 X w-r, M) was 
s1mdar to that found for the human placenta enzyme (5 x 10-5 
M) [1 5] and rat adrena l enzyme (3.5 x 10-" M) (18]. 
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The present study presents evidence t hat DHA secreted by 
the adrenal cortex may have an important adrogenic inf1uence 
in regulating t he activities of the preputial gland via its con-
version to DHT and other metabolites. However, caution must 
be exercised in extrapolating these findings to the human 
sebaceous gland, as there are vast morphologic, phylogenetic, 
and functional differences. Nonetheless, t he fi ndings on t he 
preputial gland are useful for the illustration of t he action of 
t he adrenal androgen in a target organ with sebaceous charac-
teristics. 
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